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A new role for an old gene: Brachyury and the subdivision
of the endomesoderm
Jenifer C. Croce, David R. McClay
Duke Univ., Durham, NC, USA
In the past decade, the brachyury gene has been identified in
many metazoans. From cnidarians to vertebrates, brachyury ho-
mologs are expressed in the blastoporal region and are necessary
for the specification of the cells in which it is expressed. This
striking consensus caused us to re-examine in depth the function
of this T-box gene in sea urchins. Here we present evidence that,
in this basal deuterostome, brachyury is required for the regu-
lation of endomesodermal subdivision.We discovered that at the
periphery of the endomesoderm brachyury antagonizes meso-
dermal differentiation and promotes endodermal fate, thereby
orienting the tissue's subdivision. The current knowledge of the
molecular apparatus regulating subdivision of the endomeso-
derm in bilaterians is relatively poor. In sea urchins, two
molecular pathways have been implicated in this process: the
transcriptional repressor foxA, which plays a central role in
endoderm differentiation; and the Notch pathway, which is
required for mesoderm induction. We have found that sea urchin
brachyury acts upstream of both pathways. Brachyury upregu-
lates foxA transcription, while it reduces the expression of delta,
the ligand of the Notch pathway. Further, using chimeras we
determined that in sea urchins brachyury cannot induce ectopic
cell fate development. Strikingly, both inhibition of mesoderm
differentiation and the inability of sea urchin brachyury to induce
cell fate ectopically are in contrast to chordates where brachyury
misexpression causes ectopic mesoderm development. Thus,
our data reveal the existence of a new role for brachyury and
provide a working model for the molecular basis of endome-
sodermal subdivision.
doi:10.1016/j.ydbio.2007.03.065
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Essential role for PDGF signaling in trigeminal placode
formation
Kathryn L. McCabe, Marianne Bronner-Fraser
Department of Bio. Calif. Inst. of Tech., Pasadena, CA 91125,
USA
The peripheral sensory nervous system of the vertebrate head
arises from two cell types: ectodermal placodes and neural crest.
Placodes are thickened regions of the head ectoderm, which
delaminate or invaginate to form portions of the cranial ganglia
and sense organs. At midbrain levels, the ectoderm is destined
to contribute neurons to the trigeminal ganglion, which inner-
vates much of the face and jaws. The trigeminal ganglion forms
via interactions between the midbrain neural tube and adjacent
ectoderm. This induction triggers expression of the early pla-
code marker, Pax3, ingression of placode cells and finally their
differentiation into neurons. Here, we investigate the role of
PDGF signaling in trigeminal placode induction. We show by in
situ hybridization that PDGF receptors a and b are expressed in
the cranial ectoderm at the time of trigeminal placode formation,
with their cognate ligands PDGFB, PDGFC, and PDGFD
expressed in the midbrain neural tube. We assayed placode
induction in culture by combining quail ectoderm with chick
neural tube. Blocking PDGF signaling in vitro results in a dose-
dependent abrogation of the placode marker, Pax3. This effect
was confirmed by in ovo injection of the PDGFR inhibitor with
a similar loss of Pax3 and the later placodal marker, CD151.
Furthermore, placode-derived trigeminal neurons fail to form in
the absence of PDGF signaling in ovo. These studies present the
first evidence for a signaling pathway involved in neurogenic
placode formation in amniotes. Our results show that PDGF
signaling is necessary for induction of the trigeminal placode
and subsequent neurogenesis within the condensing trigeminal
ganglia.
doi:10.1016/j.ydbio.2007.03.066
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Lens regulates sensory innervation of the cornea via
Semaphorin3A
Peter Y. Lwigale, Marianne Bronner-Fraser
Division of Biology, California Institute of Technology,
Pasadena, CA 91125, USA
The cornea, one of the most highly innervated tissues of the
body, is innervated by trigeminal sensory afferents. During
development, axons are initially repelled at the corneal margin,
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resulting in the formation of a circumferential nerve ring. The
nature and source of guidance molecules that regulate this
process remain a mystery. Here, we show that the lens, which
immediately underlies the cornea, repels trigeminal axons in
vivo and in vitro. Lens ablation results in premature, disor-
ganized corneal innervation and disruption of the nerve ring and
ventral plexus. We show that this effect is mediated by
Semaphorin3A (Sema3A) synthesized by the lens interacting
with Neuropilin-1 (Npn1) receptors on trigeminal axons.
Inhibition of Sema3A-Npn1 signaling abrogates axon repulsion
by the lens and cornea in vitro and phenocopies lens removal in
vivo. These results demonstrate that lens-derived Sema3A me-
diates initial repulsion of trigeminal sensory axons from the
cornea and is necessary for the proper formation of the nerve
ring and ventral plexus.
doi:10.1016/j.ydbio.2007.03.067
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Roles of hedgehog signaling in mouse retinal development
Kiyo Sakagami, Xian-Jie Yang
Jules Stein Eye Inst., UCLA, Los Angeles, CA, USA
The vertebrate neural retina contains six types of neuronal
and one type of glial cells, and it is an excellent system for
studying neuronal differentiation. Current model suggests that
retinal cell fate specification is regulated by both cell-intrinsic
factors and -extrinsic cues. Among the known growth factors,
the Hedgehog (Hh) family of molecules has been shown to
regulate neurogenic induction, cell proliferation, laminar
organization, and neuronal differentiation. Previously, we
have reported that Shh secreted by differentiated retinal gang-
lion cells (RGCs) negatively regulates ganglion cell genesis
behind the neurogenic wave front in the chicken retina. We have
cultured E14.5 mouse retinal cells and observed similar
suppression of RGC differentiation by recombinant Shh-N. To
further elucidate the functions of Hh signaling in the developing
mammalian retina, we have performed genetic analyses in the
mouse retina by conditionally ablating one of the Hh signaling
components, the Smoothened (Smo) gene, using the Cre–LoxP
recombination. To determine the temporal requirement for
Hh signaling during retinogenesis, we have used the Math5–
Cre knockin mice that express the Cre recombinase primarily
in a subset of postmitotic neurons, and the Chx10–Cre trans-
genic mice that express Cre in progenitor cells. Our results
show that RGC genesis is enhanced in Chx10–Cre mediated
Smo-deficient retina, but not in Math5–Cre expressing reti-
nas. In addition, Smo ablation in the progenitor cells affected
the cell cycle profile. These genetic studies reveal specific
functions and the critical timing of Hh signaling for neu-
ronal differentiation and cell proliferation in the mammalian
retina.
doi:10.1016/j.ydbio.2007.03.068
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The regulation of sympathetic nervous system development
by the bHLH factor Hand2
Yuka Morikawa 1, Fabien D'Autréaux 2, Michael D. Gershon 2,
Peter Cserjesi 1
1 Department of Cell Molecular Biology, Tulane Univ., New
Orleans, LA 70118, USA
2 Department Anatomy and Cell Biology, Columbia Univ., New
York, NY 10032, USA
The sympathetic nervous system (SNS) is derived from
neural crest (NC) cells which colonize the dorsal aorta and
become specified by BMP. This induction activates the
expression of numerous transcription factors including the
bHLH factor Hand2. To determine the role of Hand2 during
mouse SNS development, we generated a Hand2 conditional
knockout line (cHand2) using the Cre–loxP system to
circumvent the early lethality of Hand2 knockout embryos. To
delete Hand2 in NC cells, cHand2 mice were crossed with the
Wnt1–Cre line. Embryos survive to 12.0 dpc at which time they
die from cardiovascular defects. In the SNS, precursors migrate
and proliferate normally and as development proceeds, cells
express the panneuronal markers Tuj1 and Hu suggesting that
Hand2 does not play a role in neurogenesis. To evaluate the role
of Hand2 in determining neuronal phenotype, the expression of
noradrenergic biosynthetic enzymes tyrosine hydroxylase (TH)
and dopamine β-hydroxylase (DBH) was examined. In the
absence of Hand2, the expression of both TH and DBH is
greatly reduced in the SNS. Loss of Hand2 does not affect the
expression of the known transcriptional regulators of SNS
development, i.e., Gata2/3, Phox2a/b, and Mash1, suggesting
that Hand2 regulates Th and Dbh expression directly or by an
unknown transcription cascade. Our results suggest that the
major role of Hand2 in the SNS is to determine noradrenergic
phenotype of sympathetic neurons.
doi:10.1016/j.ydbio.2007.03.069
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Transcriptional regulation of MyH-7b, a novel myosin
heavy chain expressed in the vertebrate heart
Andrew S. Warkman, Melanie K. Miller, Robert J. Garriock,
Susan L. D'Agostino, Paul A. Krieg
Department of Cell Biology and Anatomy, Univ. of Arizona,
Tucson, AZ, USA
Using a comparative genomics approach we have identified
a novel vertebrate myosin heavy chain gene (annotated as MyH-
7b within the human genome). Analysis of the expression of
this gene in Xenopus, chicken and mouse embryos by in situ
hybridization reveals that MyH-7b mRNA is expressed
throughout the myocardium of the atria and ventricle during
development. A cross-species comparison of the promoters of
this gene from Xenopus, chicken, mouse and human reveals an
extremely high degree of sequence conservation within the
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